This retrospective analysis of the clinical records of 42 patients was used to study the clinical significance of a classification system for posterior petrous meningiomas. According to clinical manifestations and radiological images, posterior petrous meningiomas were classified into three types: type I (cerebella type; 12 patients), tumours involved and compressed the cerebellum; type II (cranial nerve type; 16 patients), tumours involved the cranial nerves; and type III (combined type; 14 patients), tumours involved more than one structure such as the cerebellum, cranial nerves and the brain stem. All patients underwent microneurosurgery and the total resection rate was 90%. It was more difficult totally to resect type II and III tumours than type I tumours and the post-operative functional outcomes were worse. Microneurosurgical techniques and skills are critical to increase the total resection rate of posterior petrous meningiomas in order to decrease the mortality and disability rates.
Introduction
Posterior petrous meningiomas are defined as tumours with basal dural attachment originating on the posterior surface of the petrous bone and comprise approximately 42% of all cerebellopontine angle (CPA) meningiomas. 1 In the past, posterior petrous meningiomas were reported just as a subgroup of CPA meningiomas. The major manifestations are cranial neuropathy and cerebellar dysfunction. 2 -4 As neurosurgical techniques develop, surgeons require more details about the structures that are attached to the tumour that they are going to try to remove. The present study focused on posterior petrous meningiomas in order to collect more information about this important group of CPA meningiomas. The clinical manifestations, surgical difficulty and outcomes vary according to the anatomical structures that are associated with the tumours. It is, therefore, necessary FJ Qu, XD Zhou, XL Wang et al.
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to classify and analyse the tumours with their different structural involvements in order to obtain an immediate understanding of the impact of the tumour and, consequently, the associated difficulties that might be encountered during its surgical removal. This study was, therefore, designed to investigate the clinical characteristics, surgical treatment and outcomes associated with the classification of posterior petrous meningiomas in Chinese patients.
Patients and methods

PATIENT POPULATION
This retrospective study was conducted in the Department of Neurosurgery, Qilu Hospital of Shandong University (Jinan, China) between January 1996 and December 2006. All patients with posterior petrous meningiomas confirmed by both surgery and pathology were included in the study. Data regarding the general characteristics of the patients (age, presenting signs and symptoms, duration of symptoms, and neuroradiological evaluation), surgical management, tumour histopathology and surgery-related outcomes were obtained by reviewing the medical records.
TUMOUR CLASSIFICATION
Posterior petrous meningiomas were classified into three types based on their clinical manifestations and radiological images: type I (cerebella type), in which the tumour involved and compressed the cerebellum with the signs of cerebellar compression, such as gait ataxia, being the main clinical characteristics; type II (cranial nerve type), in which the tumour involved the cranial nerves and where the main symptoms were cranial nerve dysfunction; and type III (combined type), in which the tumour involved more than one structure, such as the cerebellum, cranial nerves and the brain stem, so that all of the above symptoms were clinically observed.
NEURORADIOLOGICAL STUDIES
Neurological studies were undertaken by plain and contrast-enhanced computerized tomography (CT) scans, and T1-and T2weighted and contrast-enhanced magnetic resonance imaging (MRI), carried out in the Neuroradiological Department of Qilu Hospital, Shandong University.
HISTOPATHOLOGICAL EXAMINATION
Tumour pathology was evaluated by the Pathology Department of Qilu Hospital of Shandong University. The histopathological type of meningioma was classified based on the World Health Organization (WHO) 2000 system. 5
Results
GENERAL PATIENT CHARACTERISTICS
A total of 42 patients (seven men and 35 women) with posterior petrous meningiomas aged 34 -70 years (median 51 years) participated in the study. The duration of their initial symptoms, prior to definitive diagnosis, ranged from 10 days to 10 years. The lesion was on the left in 18 patients and on the right in 24 patients. A total of 12 patients had a type I posterior petrous meningioma, 16 patients had a type II posterior petrous meningioma and 14 patients had a type III posterior petrous meningioma. The clinical symptoms and findings on physical examination for patients, grouped according to type of posterior petrous meningioma, are shown in Tables 1 and 2.
NEURORADIOLOGICAL EVALUATION
All patients underwent CT scans, on which FJ Qu, XD Zhou, XL Wang et al.
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the tumours appeared as isointense or hyperintense well-circumscribed masses on plain CT and as homogeneously enhanced masses on contrast-enhanced CT. A total of 32 cases underwent magnetic resonance imaging (MRI), on which tumours were hypointense to isointense on T1-weighted sequences ( Fig. 1A ) and isointense to hyperintense on T2-weighted sequences.
Tumours were homogeneously enhanced on contrast-enhanced MRI images ( Fig. 1B ).
SURGICAL MANAGEMENT AND COMPLICATIONS
A total of 37 patients underwent microneurosurgery via the suboccipital retrosigmoid approach and the other five patients were treated via the presigmoid 
Values are n (%). Type I, cerebella type; type II, cranial nerve type; type III combined type. 
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approach. Generally, the primary objective was to remove the tumour base to reduce haemorrhage. Occasionally, with large tumours, it was not possible to expose the base until internal decompression had been accomplished. The base was then removed and separated from the tumour capsule. Separation of the tumour from the surrounding nerves or other structures should follow the arachnoid mater interface. Finally, the dural attachment was resected and the infiltrated bone was ground.
Total resection of tumours was achieved in 38 (90%) patients and subtotal resection was achieved in four patients (Table 3) 3,6 -8 It has been reported that the extent of tumour growth is an important factor for hearing preservation and other reports have published hearing preservation rates of 69 -82%, 2,3,9 -13 compared with 76% in the present series. All type I tumours were completely resected via the suboccipital retrosigmoid approach. The rate of anatomical and functional preservation of the facial nerve was 100% and the hearing preservation rate was 100% in patients with type I tumours. Among these patients, one had a transient decrease in hearing. In patients with type II tumours, 13 patients underwent resection via the suboccipital retrosigmoid approach and three patients via the presigmoid approach. A total of 14 patients with type II tumours underwent total resection and two had a subtotal resection. Three patients experienced seventh nerve paralysis and six patients suffered hearing loss. The rate of anatomical preservation of the facial nerve was 88% and functional preservation was 81% in patients with type II tumours. In patients with type III tumours, 13 underwent resection via the suboccipital retrosigmoid approach and one via the presigmoid approach. A total of 12 patients with type III tumours underwent total resection and two had a subtotal resection. Three patients experienced seventh nerve paralysis and four patients suffered hearing loss. The rate of anatomical preservation of the facial nerve was 86% and functional preservation was 79% in patients with type III tumours.
Histopathological tumour classification according to the WHO 2000 classification system 5 showed that 21 tumours were fibroblastic, 12 meningothelial, five mixed, two vascular, one psammomatous and one atypical ( Table 4) .
Besides facial and auditory nerve dysfunction, post-operative complications included leakage of cerebrospinal fluid (CSF) in one patient, post-operative fever in six patients, posterior cranial nerve deficits in three patients, intracranial haematoma in two patients, abducens nerve injury in one patient and contralateral hemiplegia in two patients as a result of removal of the part of the tumour that was tightly adhered to the brain stem (Table 4 ). With the exception of hemiplegia, all these complications were improved at discharge after appropriate treatment.
A total of 24 of the 42 patients underwent follow-up of between 6 months and 10 years (mean 4.5 years): 18 patients recovered well, four gained independence and two type III cases lost their independence because of hemiplegia. Recurrence occurred in two of the patients with a subtotal resection who had recovered well: one type II case of the meningothelial histopathological type (recurrence after about 7 years); and one type III case of atypical histopathological 
type (recurrence after about 3 years). Second surgery was performed in these patients with a good recovery.
Discussion
Posterior petrous meningiomas refer to those meningiomas arising from the posterior surface of the petrous bone and exclude those that originate from the CPA, such as tentorium meningiomas, petroclival meningiomas and jugular foramen meningiomas. 6 The posterior surface of the petrous bone is a region surrounded by the superior petrosal sinus, inferior petrosal sinus and sigmoid sinus. In the past, meningiomas that extended into the CPA region, regardless of the location of the base, were considered to be CPA meningiomas. 6,7,9,14 -17 The most common site of CPA meningiomas is the posterior petrous bone surface, which accounts for approximately 42% of all CPA meningiomas. 1 The classification of posterior petrous meningiomas is varied because there is no standard classification system. Samii and Ammirati 18 classified posterior petrous meningiomas into two types based on their anatomical relationship with the internal auditory canal (IAC): those anterior to the IAC and those posterior to the IAC. They found the clinical manifestations were different between these two types. 18 According to the dural attachment of the meningioma, Schaller et al. 7 divided them into premeatal and retromeatal meningiomas, and showed that premeatal meningiomas have a significantly worse post-operative functional outcome than retromeatal meningiomas, although premeatal meningiomas became symptomatic earlier and had smaller sizes. Desgeorges et al. 19 classified the posterior surface of the petrous bone into three equal zones according to imaging manifestation: 19 Voss et al. 4 classified posterior petrous meningiomas into four types: retromeatal, premeatal, suprameatal and inframeatal. Bassiouni et al. 2 divided posterior petrous meningiomas into five types: retromeatal, premeatal, suprameatal, inframeatal and centred on the internal acoustic meatus, according to the site of dural attachment in relation to the petrous acusticus. These authors also stated that preoperative detailed analysis of MRI data gives the surgeon important information about the dislocation of the cranial nerves. 2 Wu et al. 3 reported on a series of 82 patients with meningiomas of the posterior petrous bone and divided them into three types according to the anatomical relationship with the posterior surface of the petrous bone with special reference to the IAC: type I, located laterally to the IAC; type II, located medially to the IAC; and type III, extensively attached to the posterior surface of the petrous bone. They demonstrated that it was more difficult radically to resect type II and III tumours than type I tumours. 3 In the present study, posterior petrous meningiomas were classified into three types, based on clinical manifestations and radiological images. Type I tumours were involved with and compressed the cerebellum, resulting in signs of cerebellar compression, such as gait ataxia. We found that satisfactory results were achieved for total resection rate and preservation rate of cranial nerves VII and VIII via the suboccipital retrosigmoid approach. All group I tumours were totally resected via the suboccipital retrosigmoid approach. Only one patient experienced a transient loss of hearing. Surgery for this type of meningioma was the easiest among the three tumour types because of the easier exposure of the tumours and less involvement of important anatomical structures. For type I tumours, early drainage of CSF from the cistern was necessary after opening the dura in order to reduce drag to brain tissue and to expose the tumour clearly although, if necessary, 250 ml of 20% mannitol can be used to lower cranial pressure before opening the dura. 2 The primary principle of surgery for type I posterior petrous meningiomas is to resect as much of the tumour as possible in order to reduce the likelihood of recurrence.
Type II tumours involved the cranial nerves, so the main symptoms were cranial nerve dysfunction. These posterior petrous meningiomas present with various clinical manifestations according to the extent of the involvement of the cranial nerves. 2, 3 Patients with type II tumours in the present study experienced acoustic nerve injury symptoms such as hearing loss and tinnitus, facial nerve injury, facial paralysis, distortion of commissure and prosopospasm, trigeminal nerve injury symptoms such as facial pain and numbness, and posterior cranial nerve injury symptoms such as dysphagia. It was difficult to distinguish the cranial nerves in this type of tumour because of the close relationship between the nerves and the tumour. Intra-operative nerve monitoring should be implemented in order to avoid unnecessary injury if the cranial nerves are difficult to recognize because of tumour erosion and compression. 9 Vital blood vessels, such as the anterior and posterior inferior cerebellar arteries and the superior cerebellar artery, must be separated carefully. No vessels should be amputated by electrocoagulation until it has been verified that the vessel only supplies blood to the tumour. In the present study the arachnoid mater interface between the tumour and the surrounding structures was carefully FJ Qu, XD Zhou, XL Wang et al. Posterior petrous meningioma classification separated with blunt manipulation and minimal electrocoagulation was used to avoid thermal injury to the cranial nerves.
Type III tumours involved more than one structure, such as the cerebellum, the cranial nerves and the brainstem, resulting in a range of the symptoms observed with type I and II tumours. The surgeon should analyse MRI scans carefully prior to operating to observe the relationship between the tumour and the brainstem. 20 The primary principle of surgery for type III tumours is to preserve nerve function and then resect as much of the tumour as possible. If the tumour is densely adherent to vital blood vessels, nerves or the brainstem and hard to resect completely, it is considered optimal to leave a small margin of tumour behind and implement postoperative adjuvant radiotherapy or γ-knife therapy to control tumour recurrence effectively. 21, 22 The primary objective in resecting posterior petrous meningiomas is to remove the tumour base to stop the blood supply and reduce haemorrhage. Sometimes, because of the large size of these tumours and the complicated associations that they make with the surrounding anatomical structures, it is not easy to separate the tumour base until internal decompression has been performed repeatedly and the tumour resected little by little. 23 The tumour base can then be separated from the surrounding structures and removed. The dural attachment of tumour to the posterior surface of the petrous bone should be handled as soon as possible to reduce haemorrhage and keep the surgical field clear.
The following factors may determine surgical outcome: patient age; tumour size, location and texture; the extent to which the tumour envelops blood vessels and nerves; and the degree of invasion into the brainstem. 3 It is clear that, in the present study, total resection was more difficult in type II and III tumours compared with the type I tumours. Post-operative nerve function impairment was also more evident in type II and III tumours compared with type I tumours. The primary principle of surgery for type I tumours is to resect as much of the tumour as possible in order to reduce the likelihood of recurrence. The invading dura was electrocoagulated or resected and infiltrating bone was ground. For type II and III tumours, in order to protect the function of the cranial nerves or brain stem, subtotal resection is acceptable. The primary principle of surgery for type II and III tumours is to preserve nerve function and then resect as much of the tumour as possible. Minimal residual tumour was left behind in four patients in the present study because the tumour adhered to important structures: in two patients it tightly adhered to cranial nerves VII and VIII; and in two patients to the brainstem. Post-operative adjuvant radiotherapy or γ-knife therapy was needed for the residual tumours and achieved satisfactory results. 24, 25 In conclusion, the present study suggests that it is easy to classify posterior petrous meningiomas using the classification system that we describe. Clinical presentations, surgical approach, surgical outcomes and prognoses vary greatly among the three tumour types. It is more difficult for type II and III tumours to be resected than type I tumours and the post-operative functional outcomes were worse. In the majority of patients, the tumours were resected totally and safely via the retrosigmoid approach. Microsurgical techniques and skills are critical to increase the total resection rate of posterior petrous meningiomas and to decrease mortality and disability rates.
